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ABSTRACT 

The RR-57F high  f l y i n g  a i r c r a f t  and i t s  ear th  
r e s o u r c e s  s e n s o r  payload w i l l  be d e l i v e r e d  t o  NASA-MSC i n  
A p r i l ,  1969. The Phase 1 payload of pho tograph ic ,  
and s p e c t r a l  s e n s o r s  i s  almost i d e n t i c a l  w i t h  t h e  p r e s e n t  
P3A (Electra) payload f lown o u t  of MSC over  e a r t h  r e s o u r c e s  
test  si tes.  However, w h i l e  a crew of 10-14  o p e r a t e  t h e  P3A 
payload ,  t h i s  ro le  p l u s  t h e  guidance  of t h e  p l a n e  w i l l  be 
carried o u t  l a r g e l y  by a Model 6 2 1 1  i n f l i g h t  programmer 
computer.  
f l i g h t  m i s s i o n s  w i l l  be necessa ry .  
and i t s  payload cou ld  be ope ra t ed  f u l l y  a u t o m a t i c a l l y  d u r i n g  
later tes t  f l i g h t  p h a s e s  (wi thout  any crew). 

imaging 

The  p re sence  of a crew of two on 1969-70 RB-57F tes t  
P o t e n t i a l l y ,  t he  a i r c ra f t  

It i s  expec ted  t h a t  t h e  e x p e r i e n c e  of t h e  RB-57F 
e a r t h  r e s o u r c e s  s e n s o r  o p e r a t i o n  w i l l  impact  s c i e n t i f i c  
e x p e r i m e n t a t i o n  i n  t h e  unmanned earth a p p l i c a t i o n s  programs 
and on manned space  s t a t i o n s  of t h e  AAP era. 

(NASA-CR-704037) THE RB-57P - NASA EARTH RESOURCES AIRCRAFT SECOND DESIGN REVIEW, 
GENERAL DYNBf l ICS,  FORT WORTH, TEXAS, OCT09ER 879-72922 
31,  1968 ( B @ l l C O B @ ,  I n C - )  
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I .  

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

P r e l i m i n a r y  i n f o r m a t i o n  on t h e  RB 57F - NASA E a r t h  
Resources  a i r c r a f t  program was p r e s e n t e d  by t h i s  wr i te r  i n  
a n  ear l ie r  memorandum.* S ince  t h e n ,  General Dynamics, F o r t  
Worth, h a s  c o n t r a c t e d  w i t h  NASA-MSC t o  modify one  RB-57F 
a i r c r a f t  and e q u i p  i t  w i t h  a Phase 1 s e n s o r  p a l l e t ,  u s i n g  
e x i s t i n g  cameras and o t h e r  s e n s o r s .  G . D .  ha s  expended some 
4 , 0 0 0  man hour s  of s t u d y  work t o  d e f i n e  t h e  $ 1 . 7  M i l l i o n  
program. They a r e  p r e s e n t l y  o v e r h a u l i n g  t h e  a i r c r a f t  as- 
s i g n e d  b y  t h e  U.S. A i r  Force .  A s  o f  November 4 ,  1968,  a 
mockup o f  t h e  s e n s o r  p a l l e t  and t h e  c o n t r o l s  i n  t h e  co- 
p i l o t ' s  s t a t i o n  are ready  ( F i g .  1,2,3). The e n g i n e e r i n g  
drawings  are  cons ide red  f i n a l ,  and t h e  procurement phase  
(November 68)  w i l l  be  fo l lowed by t h e  manufac tu r ing  phase  
(December 68  th rough  March 6 9 )  for a f l i g h t  t e s t  and de- 
l i v e r y  t a r g e t  of A p r i l  1 9 6 9 .  

The second d e s i g n  and s t a t u s  rev iew h e l d  on October  
31,  1 9 6 8 ,  gave t h e  approximate ly  30 p a r t i c i p a n t s  from NASA, 
A i r  Fo rce  and Genera l  Dynamics one more o p p o r t u n i t y  t o  
d i s c u s s  t h e  proposed  Phase 1 s e n s o r  p a l l e t .  Some r e a r r a n g e -  
ments  of  hardware were sugges t ed ,  as p o i n t e d  o u t  below. 
T h i s  wr i t e r  was impressed  by t h e  d e t a i l e d  p l a n n i n g ,  e s p e c i a l l y  
r e l a t i n g  t o  t h e  programming of n a v i g a t i o n ,  m i s s i o n  c o n t r o l ,  
and s e n s o r  o p e r a t i o n ,  a good p a r t  o f  which must be  c o n s i d e r e d  
a p p l i c a b l e  t o  t h e  s c i e n t i f i c  payload  o p e r a t i o n  on manned 
and unmanned o r b i t a l  p l a t f o r m s  and space  s t a t i o n s  of  t h e  
A A P  s e r i e s .  The s u b j e c t  w i l l  b e  s t r e s s e d  below. 

11. PALLET CONFIGURATION AND GROUND SUPPORT CART 

F i g u r e  4 d i s p l a y s  t h e  phase  1 s e n s o r  p a l l e t ,  con- 
s i s t i n g  of (1) 6 m u l t i s p e c t r a l  70mm cameras, (2) RS-7 IR 

* B . E .  S a b e l s ,  The RB-57F A i r c r a f t  Program f o r  E a r t h  
Resources  Remote Sens ing ,  Case 710, Memorandum for F i l e ,  
Feb rua ry  1 6 ,  1 9 6 6 ,  Bellcomm, I n c .  
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s c a n n e r  imager, ( 3 )  NAS9-6817 I R  r a d i o m e t e r ,  (4) f a s t - s c a n  
IR s p e c t r o m e t e r ,  ( 5 )  35mm boreho le  camera,  ( 6 )  2 ~ C 8  cameras ,  
IR and BW, ( 7 )  APN-159 radar a l t i m e t e r ,  ( 8 )  v a r i o u s  s u p p o r t  
expe r imen t s .  

The s e n s o r  complement agrees w i t h  t h e  p r e s e n t  P3A 
a i r c r a f t  payload  c o n f l g u r a t i o n ,  excep t  f o r  t h e  radar a l t i -  
meter ( 7 ) .  T h e r e f o r e ,  i t s  composi t ion appears t o  be  l a r g e l y  
d i c t a t e d  b y  a v a i l a b i l i t y .  The  complement, i n c l u d i n g  p a l l e t  
s t r u c t u r e  and s u p p o r t  f a c i l i t i e s ,  exceeds  t h e  weight  a l lowance  
s e t  f o r t h  i n  i n i t i a l  NASA-USAF agreements .  About 2/3 of 
t h e  weight  i s  c o n t r i b u t e d  b y  s e n s o r s ,  and 1/3 b y  s u p p o r t  and 
s t r u c t u r a l  mater ia l .  It i s  expec ted  t h a t  new, e s p e c i a l l y  
deve loped  s e n s o r s  w i l l  b e  i n t e g r a t e d  i n t o  t h e  Phase 1 pay- 
l o a d  one by one ,  r e p l a c i n g  t h e  p r e s e n t  s e n s o r s .  Thus, w e  
w i l l  g r a d u a l l y  a r r i v e  a t  a P h a s e  2 payload  a f t e r  a number 
of s u b s t i t u t i o n s .  

F i g u r e  5 g i v e s  t h e  a i r  c o n d i t i o n i n g  schemat ic  f o r  
t h e  Phase 1 pay load .  Windows, s p e c t r o m e t e r  e n c l o s u r e s ,  
power s u p p l i e s  and r e c o r d e r s  are o b j e c t s  o f  env i ronmen ta l  
c o n t r o l .  

The s e n s o r  p a l l e t  w i l l  b e  s t a t i o n e d  a t  NASA-MSC/ 
E l l i n g t o n  AFB excep t  f o r  mis s ions  and m o d i f i c a t i o n s .  While 
on t h e  ground and i n  t r a n s i t ,  t h e  p a l l e t  w i l l  b e  housed i n  
t h e  ground s u p p o r t  c a r t .  The car t ,  descr ibed  i n  F i g u r e  6 ,  
a l l o w s  s i m u l a t i o n  o f  a i r p l a n e  s i g n a l s ,  has p r o v i s i o n s  f o r  
e l e c t r i c  power and a i r  c o n d i t i o n i n g ,  t e s t i n g  and data re- 
d u c t i o n  equipment .  Besides s t o r a g e ,  t h e  c a r t  w i l l  make 
p o s s i b l e  t h e  t e s t i n g  and o p e r a t i o n  o f  equipment on t h e  pa l -  
l e t ,  and t h e  t e s t i n g  of t h e  a i r p l a n e  and equipment w i t h  
t h e  p a l l e t  by t h e  s i d e  of t h e  a i r c r a f t .  

111. N A V I G A T I O N ,  STABILIZATION AND RECORDING SYSTEMS 

A s  descr ibed  i n  a n o t h e r  memorandum", t h e  payload  i n  
N A S A - M S C ' s  P3A, which i s  i d e n t i c a l  w i t h  t h e  RB57F Phase 1 
pay load  ( e x c e p t  f o r  t h e  r a d a r  a l t i m e t e r ) ,  r e q u i r e s  10-14 
p e o p l e  as o p e r a t o r s  and d i s p l a y s  some 50 s q u a r e  f ee t  of  
i n s t r u m e n t  p a n e l .  Cons ide rab le  au tomat ion  of n a v i g a t i o n ,  

*B. E .  Sabels,  A T y p i c a l  E a r t h  Resources  A i r c r a f t  Tes t  F l i g h t ,  
Case 630, Memorandum f o r  F i l e ,  January 1 9 6 9 ,  Bellcomm, Inc.  
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o p e r a t i o n  and r e c o r d i n g  i s  r e q u i r e d  t o  r educe  t h e  s e r v i c e  
work t o  t h e  c a p a b i l i t y  of one man. Also ,  t h e  f l y i n g  a l t i -  
t u d e  and v e l o c i t y  impose i n c r e a s e d  accu racy  r equ i r emen t s  on 
t h e  n a v i g a t i o n a l  s y s t e m ,  which  can be  bes t  s o l v e d  by 
au tomat ion .  

F i g u r e  7 i l l u s t r a t e s  t h e  sys tem c o s t  i n  d o l l a r s  f o r  
s e v e r a l  s y s t e m s  w i t h  n a v i g a t i o n a l  e r r o r  c h a r a c t e r i s t i c s  
g i v e n  i n  mi l e s /hour .  The au tomat i c  n a v i g a t i o n a l  s y s t e m  t o  
be used  f o r  t h e  RB57F i s  L i t t o n ' s  LTN-51 which i s  p r e s e n t l y  
b e i n g  tes ted  by a major  a i r l i n e .  Sys t ems  w i t h  an  accu racy  
exceed ing  t h e  LTN-5l's 1 . 5  nm/h e x i s t ,  b u t  are  c l a s s i f i e d  
and more expens ive .  

The accu racy  a n a l y s i s  of t h e  NASA s e l e c t e d  sys t em,  
as shown i n  F i g u r e s  8a  and 8b y i e l d s  a t o t a l  n a v i g a t i o n a l  
e r r o r  of  about  2% of t h e  d i s t a n c e  t r a v e l l e d ,  o r  a 95% p o s i -  
t i o n  p r o b a b i l i t y  of  b e i n g  w i t h i n  3.81% of Lie d i s t a n c e  t rave l led .  
Because t h e  d i s t a n c e  b e t w e e n  service base and tes t  s i t e  w i l l  be 
about  500-1000 mi l e s ,  t h e  au tomat i c  s y s t e m  w i l l  d e l i v e r  
t h e  p l a n e  a t  t a rge t  w i t h i n  an e r r o r  c i r c l e  of  about  20  t o  
40 mi les ,  if no u p d a t i n g  occur s .  With c o r r e c t i v e  i n p u t s  
from r a d i o  beacons e t c , ,  t h e  p l a n e  can r e a c h  I t s  t a rge t  au to -  
m a t i c a l l y  w i t h i n  a f e w  mi l e s .  

The n a v i g a t i o n a l  system i s  i l l u s t r a t e d  i n  F i g u r e  
9 .  The key r o l e  o f  t h e  programmer computer,  a u t o p i l o t  and 
n a v i g a t i o n a l  computer i s  c l e a r .  Miss ion  and t r a f f i c  c o n t r o l  
i s  performed by e i g h t  r a d i o  l i n k s ,  which are as f o l l o w s .  
U H F  r a d i o  p e r m i t s  s h o r t  range v o i c e  t r a n s m i s s i o n  a i r - t o - a i r  
o r  a i r - to-ground,  i n  t h e  225 t o  399.9 mc r a n g e .  VHF r a d i o  
p e r m i t s  v o i c e  t r a n s m i s s i o n  i n  t h e  116  t o  1 4 9  mc r a n g e .  
HF r a d i o  o f f e r s  t h e  2 ,  t o  30 mc r a n g e  f o r  v o i c e ,  CW o r  data 
communication. VHF Nav p r o v i d e s  v o i c e  and VOR-LVC n a v i g a t i o n  
t r a n s m i s s i o n  i n  t h e  108  t o  152 mc r a n g e .  ADF p r o v i d e s  
a u t o m a t i c  v i s u a l  beaming i n d i c a t i o n  of t h e  d i r e c t i o n  o f  ar- 
r i v a l  of RF  energy and r e c e p t i o n  of RF i n  t h e  r ange  100-1750 
kc.  T A C A N  i s  t h e  a i r b o r n e  n a v i g a t i o n  I n t e r r o g a t o r - - r e s p o n d e r  
p r o v i d i n g  r a n g e ,  az imuth ,  and beacon i d e n t i t y  i n f o r m a t i o n  
w i t h  r e f e r e n c e  t o  ground s t a t i o n s .  The i n t e r p h o n e  p r o v i d e s  
h igh  i n t e l l i g i b i l i t y  in te rcommunica t ion  and r a d i o  moni tor -  
i n g ,  and t h e  LFF p r o v i d e s  au tomat i c  s e l e c t i v e  i d e n t i f i c a t i v e  
and a i r  t r a f f i c  c o n t r o l .  

The s t a b i l i z a t i o n  and h o l d i n g  performance of  t h e  
F i g u r e  a u t o m a t i c  p i l o t  is e s s e n t i a l  f o r  s e n s o r  o p e r a t i o n .  

1 0  g i v e s  3 sigma l i m i t s  f o r  p i t c h ,  r o l e  and yaw under  smooth 
and  modera te ly  t u r b u l e n t  c o n d i t i o n s .  Movements of  20-40 mr/sec 
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i n  roll and p i t c h  appea r  t o  be i n  o r d e r .  T h i s  co r re sponds  
t o  a r e l a t i v e  motion of two t o  t h ree  t imes t h e  motion due to 
t h e  ground speed of t h e  p l a n e .  Consequent ly ,  t h e  photo- 
g r a p h i c  cameras (RC-8 and Hasselblad) w i l l  b e  s t a b i l i z e d ,  
p robab ly  w i t h  t h e  Aero f l ex  T-28 mount which,  however, has 
r e l i a b i l i t y  problems.  

The r e c o r d i n g  systems i n  a i r c r a f t  and ground c a r t  
a re  s imilar  and g i v e  t h e  second crewman t h e  c a p a b i l i t y  o f  re- 
mote c o n t r o l  and o s c i l l o s c o p e  d i s p l a y  of v i d e o  data .  How- 
e v e r ,  most s e r v i c e  f u n c t i o n s  such as calibration, supporting 
measurements,  camera t i m i n g ,  are i n i t i a t e d  and c a r r i e d  o u t  
w i t h i n  t h e  p a l l e t  ( F i g u r e  1 3 ) .  

I V .  PROGRAMMER COMPUTER 

The most s i g n i f i c a n t  i n n o v a t i o n  i n  t h e  ear th  re- 
s o u r c e  s e n s o r  pay load  i s  t h e  programmer computer,  t h a t  w i l l  
i n  e f f e c t  take ove r  90% o f  t he  payload  o p e r a t i o n a l  f u n c t i o n ,  
if comparison w i t h  t h e  P3A payload and i t s  1 0  o p e r a t i o n s  i s  
made, i n  a d d i t i o n  t o  o p e r a t i n g  t h e  a i r c r a f t ,  The au tomat i c  
o p e r a t i o n  of  t h e  RB57F payload w i l l  no doubt  a f f e c t  au to-  
m a t i c  s c i e n t i f i c  s p a c e c r a f t  and space  s t a t i o n  pay loads ,  and 
i t  i s  t h e r e f o r e  c o n s i d e r e d  to be v e r y  s i g n i f i c a n t .  

F i g u r e s  1 2  and 1 3  o u t l i n e  t h e  programmer f u n c t i o n s .  
The Model 6 2 1 1  i n f l i g h t  programmer i s  o p e r a t e d  b y  tape t h a t  
i s  prepared  a t  t h e  U S A F  L o g i s t i c s  Command i n  implementa t ion  
o f  m i s s i o n  o b j e c t i v e s .  The p r i m a r y  f u n c t i o n  of t h e  program- 
m e r  i s  t o  upda te  t h e  t a p e d  program w i t h  a c t u a l  f l i g h t  data,  
such  as d r i f t ,  and o t h e r  c o r r e c t i o n s ,  and t o  p u t  o u t  gu idance  
and c o n t r o l  s i g n a l s  f o r  t h e  o p e r a t i o n  of t h e  a i r c r a f t .  I n  
a d d i t i o n ,  t h e  programmer i n i t i a t e s  a l l  s e r v i c e  and o p e r a t i o n a l  
s i g n a l s  n e c e s s a r y  f o r  t h e  payload a c t i v a t i o n .  The crew 
rriembers have t h e  o p t i o n  t o  o v e r r i d e  t h e  computer o r  t o  
modify t h e  program a t  any t i m e .  T h i s  i s  t h e i r  pr imary  func-  
t i o n .  Without crew i n t e r f e r e n c e ,  t h e  programmer computer 
w i l l  g u i d e  t h e  a i rc raf t  through a f l i g h t  m i s s i o n  as program- 
med by  AFLC (AF Logistics Command). 

V .  SCHEDULE AND OTHER ITEMS 

F i g u r e  14 g i v e s  t h e  program comple t ion  s c h e d u l e ,  
which w i l l  p r o b a b l y  s l i p  by one month, l e a d i n g  t o  a d e l i v e r y  
i n  A p r i l  1969, based  on a 5-day workweek. Monthly d e s i g n  re- 
views are i n t e n d e d .  T h e  des ign  was c o n s i d e r e d  f r o z e n  w i t h  



BELLCOMM. INC. - 5 -  

t h e  comple t ion  o f  t h i s  meet ing.  
addressed,  such  as t h e  r e l o c a t i o n  of t h e  RS7 power s u p p l y  
s y s t e m  t o  s i m p l i f y  t h e  a i r  c o n d i t i o n l n g  s y s t e m ,  and t o  
make space  a v a i l a b l e  f o r  a dua l  channel  s p e c t r o m e t e r .  The 
s i z e  of o p t i c a l  ( f u s e d  s i l i c a )  windows was d i s c u s s e d ,  which 
i s  c r i t i c a l l y  r e l a t ed  t o  lead t i m e  and c o s t .  Procurement 
must b e  i n i t i a t e d  now, s o  t h a t  windows and a l l  o t h e r  items 
are a t  hand by February  28, 1969. 

S e v e r a l  d e s i g n  problems were 

VI. SUMMARY AND CONCLUSIONS 

By A p r i l ,  1969, t h e  NASA Ear th  Resources  Survey 
Program w i l l  have a t  i t s  d i s p o s a l  a h igh  f l y i n g  a i r c r a f t  
and e x p e r i m e n t a l  s e n s o r  payload t h a t  r e p r e s e n t s  a s i g n i f i c a n t  
advance o v e r  low f l y i n g  payloads  o p e r a t e d  t o  date ,  and a s t ep  
f u n c t i o n  i n c r e a s e  i n  au tomat ion  and u t i l i z a t i o n  o f  man. 
M i l i t a r y  know-how has been a p p l i e d  t o  t h e  needs  o f  a c i v i l i a n  
program, and room has been made f o r  improvements of  s e n s o r s  
and c a p a b i l i t i e s  toward manned and unmanned space  sys tems.  
S p e c i f i c a l l y ,  t h e  o f f - load ing  o f  t h e  crew by computer sys -  
t e m s  makes t h e  p r e s e n c e  o f  man f o r  t h e  o p e r a t i o n  of t h e  
pay load  and t h e  a i r c r a f t  a lmost  a matter o f  c h o i c e .  

C l e a r l y ,  t h e  NASA RB 57F w i l l  r e q u i r e  an  o p e r a t o r  
for t h e  key f u n c t i o n s  o f  t h e  s e n s o r  payload .  But t h e  func- 
t i o n s  o f  t h i s  o p e r a t o r  could b e  t a k e n  ove r  by t h e  computer 
as w e l l ,  i f  des i r ed .  Complete c o m p u t e r i z a t i o n  o f  t h e  RB 57F 
pay load  o p e r a t i o n  may even have some advan tages  because  t h e  
second s t a t i o n  o p e r a t o r  w i l l  n o t  b e  able  t o  a c t  as a t ech -  
n i c i a n  no r  as a d e c i s i o n  m a k e r .  T h e r e f o r e ,  he i s  l i t t l e  
more t h a n  a p a s s e n g e r .  \ n 
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